Abstract: Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a rare aggressive hematologic malignancy primarily found in adults, often carrying a poor prognosis. There are only 33 reported pediatric cases of BPDCN in the literature. Although standard treatment is not yet established for children, current literature recommends the use of highrisk acute lymphoblastic leukemia (ALL)-type chemotherapy. Recent studies, however, have explored the benefits of combining chemotherapy with stem-cell transplantation. Here, the authors present 2 cases of pediatric BPDCN treated with different modalities. The first case is a 13-year-old girl who presented with a 3-month history of an initially asymptomatic firm nodule on her left shin. The second case is a 15-year-old boy who presented with a 4-month history of an enlarging subcutaneous nodule on the lower leg. Immunohistochemical staining of both patients was positive for markers consistent with BPDCN. The latter patient received ALL-type therapy alone, whereas the former received ALL-type chemotherapy and stem-cell transplantation. Since initial treatment, both patients remain disease-free. These cases contribute to the limited number of pediatric BPDCN cases, thus helping to advance our knowledge toward an optimal treatment protocol for clinical remission.
INTRODUCTION
Blastic plasmacytoid dendritic cell neoplasm (BPDCN) accounts for less than 1% of cutaneous lymphomas, typically presenting in the skin of older adults with rapid progression to systemic involvement and death within 1 year. 1 Cases in children are exceedingly rare but seem to harbor a better prognosis. Here, we describe 2 cases of BPDCN in the pediatric population.
CASE 1
A previously healthy 13-year-old girl presented with a 3-month history of a persistent "bug bite" on the left anterior shin. The lesion began as an asymptomatic solitary red papule that grew into a firm nodule. On physical examination, there was a solitary 2.1 cm indurated red-brown nodule with smaller violaceous macules at the periphery (Fig. 1A) . A punch biopsy revealed a pandermal infiltrate of monomorphic small-to medium-sized atypical lymphocytes, with an overlying Grenz zone present (Figs. 1B, C). Immunohistochemical stains were positive for CD4, CD56, CD123, TCL-1, and TdT (Figs. 2A-C) and negative for CD3, CD20, MPO, lysozyme, CD34, and CD117, supporting a diagnosis of BPDCN. Cytologic and flow cytometric analysis of peripheral blood, bone marrow, and cerebrospinal fluid showed no neoplastic cell infiltration. The patient received chemotherapy after a lymphoblastic lymphoma-type induction protocol, which resulted in resolution of her cutaneous lesions. She subsequently underwent an allogeneic bone marrow transplant from an HLA-identical sibling. Eighteen months later, she remains in clinical remission.
CASE 2
A 15-year-old boy presented with a 4-month history of an enlarging subcutaneous nodule on the lower leg (Fig. 3A) . Although there was clinical suspicion for panniculitis, magnetic resonance imaging suggested a vascular lesion. Initial biopsy revealed a superficial and deep lymphocytic perivascular infiltrate, interpreted as inflammatory in nature. Over the following 2 months, the nodule continued to grow. The patient experienced intermittent warmth and tingling in the lesion. Repeat deeper biopsy showed a diffuse monomorphic proliferation of atypical hematolymphoid cells infiltrating the reticular dermis and subcutis (Fig. 3B) . The cells were medium sized with indented nuclei, scant cytoplasm, and finely dispersed chromatin (Fig. 3C ). Immunohistochemical stains were positive for CD4, CD33, CD43, CD56, CD123, and TdT and negative for CD3, CD20, CD30, CD79a, CD117, myeloperoxidase, and PAX5, confirming the diagnosis of BPDCN.
Microscopic examination of cerebrospinal fluid and peripheral blood failed to detect neoplastic cells. However, minimal bone marrow involvement (,1%) was identified by flow cytometric analysis. The patient soon began treatment with high-risk acute lymphoblastic leukemia (ALL)-type chemotherapy. Subsequent bone marrow and skin biopsies have shown no residual disease. To date, the patient remains disease-free, 20 months after initial diagnosis.
DISCUSSION
BPDCN is an uncommon hematolymphoid neoplasm, often presenting as cutaneous lesions followed by rapid leukemic dissemination. 2 The first reported case was published in 1994 by Adachi et al 3 who described a CD4 + lymphoma with high CD56 (N-CAM) expression. Over the years, this neoplasm has been referred to by various names, including blastic natural killer cell (NK cell) lymphoma and CD4 + / CD56 + hematodermic neoplasm. 4 Although originally thought to be a T-cell lymphoma because of its CD4 expression, the presence of CD56 suggested a blastic NK cellderived lymphoma. 4 However, more recent studies showed that the cells are negative for EBV and NK cell markers and positive for CD123 and TCL1, findings which are suggestive of plasmacytoid dendritic cells. [4] [5] [6] As a result, BPDCN is now considered to be derived from plasmacytoid dendritic cell type II precursors.
BPDCN typically affects older males, with a median diagnostic age of 67 years. 2, 7 In the pediatric population, BPDCN is exceedingly rare, with only 33 published cases to date, and can present as young as 8 months old. 1, 8 The congenital form is even more rare, with only 1 case reported thus far. 9 Approximately 85% of BPDCN cases show cutaneous involvement at presentation, although this number is slightly lower (76%) in the pediatric population. 1 A wide spectrum of clinical presentations have been described, ranging from a single nodule to widespread cutaneous manifestations. Fass et al 10 reported a case in which multiple cutaneous tumors were dispersed on the face, trunk, and extremities. In the largest case series to date by Julia et al, 11 most patients (73%) presented with nodular lesions only, whereas other patients had bruise-like patches (12%) or mixed lesions including macules and nodules (14%). Involvement of extracutaneous organs is often seen and may account for the poor survival rate of patients. At the time of initial staging, it has been reported that two-thirds of patients display bone marrow, lymph node, and/or peripheral blood involvement. 11 However, the frequency of metastases is controversial, as only one-third of patients were noted by Cota et al 12 to be positive at initial staging.
Microscopically, BPDCN is characterized by a diffuse monomorphic infiltrate of medium-sized plasmacytoid cells with scant cytoplasm and fine chromatin. 13 Classically, the cells express CD4, CD56, and plasmacytoid dendritic cell markers (CD123, BDCA-2/CD303, TCL1) in the absence of B-, T-, and myelomonocytic lineage-specific markers. 13 However, as some markers may be negative, a defining immunophenotype must be broad to include all possible phenotypic variations. 12 To establish a proper diagnosis, several authors have proposed a set of immunohistochemical staining criteria. Fanny et al have suggested that a "confident diagnosis" can be rendered when 4 of the 5 principle markers (CD4, CD56, CD123, BDCA-2/CD303, and TCL-1) are expressed. 14 Other authors have suggested a scoring system based on the results by flow cytometry for cases with leukemic dissemination. Additionally, it has been recommended to include additional markers such as EBV to rule out an extranodal NK/T-cell lymphoma and CD15 or lysozyme to exclude CD56 + acute leukemia cutis. 2 Because of the variety of differential diagnoses with similar microscopic properties, an extensive immunohistochemical panel is key to arriving at the diagnosis of BPDCN.
Although therapeutic guidelines have yet to be established, most patients are treated with chemotherapy regimens used to treat acute leukemia or lymphoma. Although most patients achieve remission, up to 60% of patients relapse at an average of 5 months after chemotherapy alone. 7, 15 Recent studies suggest that allogeneic stem-cell transplantation (SCT) may play a vital role in achieving optimal treatment. In the largest study to date of SCT for BPDCN in the elderly population, Roos-Weil et al 16 achieved a significantly improved rate of relapse of 32% at 3 years after SCT. SCT was studied after either myeloablative or reduced-intensity chemotherapy regimens. It was found that the combination of high-intensity myeloablative chemotherapy with SCT yielded better results. 16 One case reported successful treatment with bone marrow transplantation after pretreatment with L-asparaginase, which decreased blasts before bone marrow transplantation. 17 The median time from diagnosis to SCT was 6 months and was executed after the patient received an acute leukemia-type chemotherapy. 16 Recently, alternative therapeutic avenues have also been explored. Frankel et al 18 performed a prospective pilot study using the diphtheria toxin to cause apoptosis in malignant BPDCN cells. BPDCN cells have been shown to express IL3 receptors on their cell surface. 19 These same receptors are absent on normal hematopoietic stem cells. 20 By combining the catalytic and translocation domains of the diphtheria toxin with IL3, SL-401 was created to target these receptors. 18 Once the IL3 domain of SL-401 is bound to its receptor found on the malignant BPDCN cells, SL-401 is internalized and causes apoptosis. 18 A majority of patients treated with SL-401 (78%) showed clinical response, and it was suggested that SL-401 be used as induction therapy before SCT. 18 Although the effectiveness of various treatment regimens has been well documented in the adult population, the response of the pediatric population to similar treatments remains unclear. Several therapeutic regimens have been used in the pediatric population, including ALL-type and acute myeloid leukemia-type chemotherapy and SCT. 3, 21 Recently, a pediatric case with metastasis to the lungs showed a dramatic response to non-Hodgkin lymphoma-Berlin-FrankfurtMunster 95 (NHL-BFM95) therapy, which has been used in a limited number of cases. 22 Several studies suggest that ALL chemotherapy achieves the best outcomes, with multiple patients achieving long-term clinical remission. 23 The role of SCT remains questionable. In a study by Jegalian et al, 1 the overall survival rate was 67% (4/6) in patients who underwent SCT and increased to 74% (14/19) in patients who did not receive any SCT therapy. However, in a review of 33 cases, the survival rates with SCT were higher than that without SCT, at 75% (6/8) versus 67% (16/24) . 24 In cases where no bone marrow donor is available, unrelated cord blood transplantation has also been shown to be a successful alternative to SCT. 25 The prognosis of patients with BPDCN is usually poor, with most patients dying of disease within 12-14 months. 8 However, pediatric cases of BPDCN seem to harbor a better prognosis. Other factors associated with a favorable prognosis include a lack of cutaneous involvement. It was noted that a survival rate of 100% (7/7) existed in cases without cutaneous involvement and 61% (11/18) in patients with cutaneous symptoms. 1 This could be attributed to the less aggressive nature of the disease when the skin is spared.
Within these existing studies lie possible faults in analysis. An assessment of the average time of follow-up when survival was recorded showed a longer mean follow-up time for survived cases than deceased cases. Furthermore, the standard deviation of follow-up time for both survived and deceased cases is high, at times exceeding the mean value. This suggests that regular follow-up intervals of patients should be implemented in future studies to reduce the variation in values for a more consistent and statistically accurate analysis.
In summary, BPDCN is a rare aggressive hematolymphoid neoplasm, which usually affects older males. Cases in the pediatric population are exceptionally rare but may be associated with a more favorable outcome. Because of the limited number of pediatric cases reported, a standard treatment regimen has yet to be established. The successful clinical remission seen in one of our patients contributes to defining the role of SCT in the treatment of BPDCN. Additional cases must be defined, and larger studies of pediatric cases should be preformed to establish optimal treatment.
